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httpicense.Abstract Background: Pulmonary damage induced by smoking acts slowly and may or may not
show symptoms which are related to pulmonary function or radiological effect.
Objectives: To correlate ﬁndings on history, chest X-ray, pulmonary function test high resolu-
tion computed tomography (HRCT) scans and to determine whether these ﬁndings may be useful
in diagnosis of lung damage.
Methods: This study comprised 50 subjects (10 healthy volunteers, 40 smokers) who underwent
history taking, CXR, pulmonary function tests (spirometry and lung volumes) and both inspiratory
and expiratory HRCT.
Results: Pulmonary function measurement in studied groups showed obstructive pattern with
highly signiﬁcant difference. Chest X-ray showed hyperinﬂation in 38% in group II, 79% in group
III, 90% in group IV. Mosaic perfusion was present in 3 cases 19%, 7 cases 50%, 5 cases 50%, par-
aseptal emphysema was present in 7 cases 44%, 11 cases 78%, 7 cases 70%, centrilobular emphy-
sema was present in 4 cases 25%, 6 cases 43%, 4 cases 40% and bullae was present in 7 cases 44%, 8
cases 57%, 5 cases 50% in groups II, III, VI, respectively.
Wheezes and cough showed signiﬁcant negative correlation with FEF25–75% and PEF, while
dyspnea showed positive correlation with bullae. Cough showed signiﬁcant correlation with radio-
logical ﬁnding, mosaic perfusion and centrilobular emphysema.
There was signiﬁcant correlation between tests of small airway and radiological ﬁnding in chest
X-ray and high resolution computed tomography.
Conclusion: We conclude that there was a functional and pathological impairment in the lung as
cigarette consumption increases and chest symptoms in smoker appears to be related to small air-
way affection.
ª 2013 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
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Smoking-induced lung disease is a complex group of disorders,
varying from the well known entity of chronic obstructive pul-
monary disease to more recently described interstitial lung dis-
eases. The obstructive ventilatory defect that deﬁnes chronic
obstructive pulmonary disease reﬂects the presence of varying
degrees of lung parenchymal destructive changes and airway
inﬂammation. Different degrees of severity of small-airway
and parenchymal reaction to cigarette smoke characterize sev-
eral diseases strongly linked to tobacco consumption, [1].
In severe COPD, emphysema is usually associated with air-
ﬂow obstruction, but the coexistence of these conditions is not
inevitable, previous studies suggest that loss of lung elastic re-
coil may result in airway obstruction or have no such effect.
The relationship between emphysema and airﬂow obstruction
is therefore more complex and less clearly deﬁned than often
thought [2].
CT scanning is a minimally invasive tool employed to char-
acterize these structural changes in vivo and has been demon-
strated repeatedly to be correlated with measures of airﬂow
obstruction. CT imaging has also been employed to objectively
classify an individual as having either emphysema or airway-
predominant disease, and there is some suggestion that a sub-
ject’s relative burden of airway and airspace disease may not
be the result of totally independent processes. [3]
The aim of this study was to determine the correlation be-
tween PFTs and radiological ﬁndings in assessing the early
diagnosis of pulmonary damage in current cigarette smokers
(none of whom were known to have COPD or other obstruc-
tive lung diseases).
Materials and methods
This study comprised 50 subjects (10 healthy volunteers, 40
smokers) who were recruited from smoking outpatient clinic
at the Mansoura University hospital from January 2010 to
September 2010. The subjects were included in the study after
providing written informed consent. The 40 smokers were sub-
divided into 3 groups according to the degree of tobacco expo-
sure (pack/year index) which is related to the risk of diseases
[4]. All study subjects were age matched.
Group I
This group included 10 healthy non smoker volunteers. They
were 10 males with mean age 39.1 ± 9.5. The control subjects
were lifelong nonsmokers and had no historyl or clinical evi-
dence of lung disease, no respiratory tract infection during and
one month preceding the study or complaining of other medical
problems and had normal chest radiography and spirometry.
Group II
This group included 16 low risk tobacco smokers with mean
age 35 ± 7.8.
Group III
This group included 14 moderate risk tobacco smokers with
mean age 38 ± 3.5.Group IV
This group included 10 high risk tobacco smokers with mean
age 42 ± 6.1.
All smoker subjects fulﬁlled the following selection criteria.
All subjects were considered eligible for the study if they
were conformed to the following criteria.Inclusion criteria
1- Only cigarette smoking.
2- No symptoms suggestive of chest infection 1 month
before the study.
3- No chest pain, no haemptysis.
4- No history of asthma, tuberculosis or occupational
exposure to chemicals or allergen.
5- No other systemic disease hepatic, renal disease, dia-
betic, malignancy autoimmune disease.
6- Lung function tests and HRCT scan were performed on
the same day.
Evaluation included age, smoking history, CXR, PFTs,
inspiratory and expiratory thoracal HRCT. Subjects were clas-
siﬁed according to cumulative cigarette consumption using the
Brinkman smoking index (BI), deﬁned as packs of cigarettes/
day · years 4.
Pulmonary function testing using computerized spirometry
apparatus (JAEGER Germany)
I. Spirometry and related tests (slow vital capacity) (VT,
ERV), forced vital capacity (ﬂow/volume loop) FVC,
FEV1 (percentage of predicted), FEV1/FVC, FEF
50% (percentage of predicted).
II. Body plethsymograph
Total lung capacity (TLC), residual volume (RV) and RV/
TLC ratio.
High Resolution computed Tomography (HRCT).
All theCT studieswere performed onTOSHIBAASTEION.
Using a high resolution technique: collimation 2 mm,
images were reconstructed using a high spatial frequency algo-
rithm and a 512 · 512 matrix. The scan time was 0.75 second,
KV120, mAS150. The images were analyzed on a window
width of 1600 Hounsﬁeld unit (HU) and window level-500
(HU). No contrast media were used.
Five sections were obtained from an initial scanogram: aor-
tic arch, main Carina, 1 cm below carina, level of the pulmon-
ary veins and 2 cm above the right hemidiaphragm. Data were
collected at full inspiration with additional scans at ﬁve levels
on expiration for assessment of air trapping, mosaic perfusion,
bullae and hyperlucent area.
Data were analyzed using spss (Statistical package for
Social Sciences) version16.
Normally distributed data were presented as mean ± SD.
Paired t-test was used for comparison within groups.
F-test (one way Anova) was used to compare between more
than two groups.
Spearman’s and pearson’s correlation coefﬁcient was used
to test correlation between variables. P< 0.05 signiﬁcant,
P< 0.01 highly signiﬁcant, P< 0.001 very highly signiﬁcant.
Figure 1 HRCT chest of Centrilobular Pulmonary Emphysema:
Conﬂuent and inseparable low-attenuation areas with ill deﬁned
borders involving the central portion of the pulmonary nodule
around the centrilobular arteries.
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Table 1 shows pulmonary function measurement in the studied
groups according to smoking history (pack/year index). Pul-
monary function test of the studied groups showed an obstruc-
tive pattern with highly signiﬁcant difference between the
studied groups in total lung capacity, residual volume, residual
volume to total lung capacity ratio (Fig. 1), PEF, FEF25–75,
FEV1%.
Table 2 demonstrates radiological ﬁnding (X-ray, bullae,
paraseptal emphysema, centrilobular, emphysema, mosaic per-
fusion and air Trapping) in the studied groups according to
smoking history (pack/year index). Chest X-ray showed hyper-
inﬂation in 38% in groupII, 79% in groupIII, 90% in groupIV
with highly signiﬁcant difference between the studied groups,
while visual assessment air trapping was found in 25% in
group II, 71% in groupIII and 60% in groupVI.
Mosaic perfusion was present in 3 case 19%, 7 cases 50%, 5
cases 50%, paraseptal emphysema was present in 7 cases 44%,
11 cases 78%, 7 cases 70%, centrilobular emphysema was pres-
ent in 4 cases 25%, 6 cases 43%, 4cases 40% and bullae was
present in 7 cases 44%, 8 cases 57%, 5 cases 50% in groups
II, III, VI, respectively.
Table 3 shows dyspnea, cough and wheezes in the studied
groups according to (pack/year index). Respiratory symptoms,
like dyspnea showed highly signiﬁcant difference between the
studied groups. While cough and wheezes showed signiﬁcant
difference between the studied groups.
Table 4 shows Correlation Coefﬁcient between pack/year
index and lung function, radiological and clinical ﬁnding.
Tidal volume, forced vital capacity, RV, TLC and RV/TLC
showed signiﬁcant positive correlation with pack/year index,
while FEV1%, PEF, FEF25–75% showed signiﬁcant negative
correlation with pack/year index.
Pack/year index correlated strongly with air trapping,
hyperinﬂation, paraseptal emphysema, mosaic perfusion,
dyspnea and cough.
Wheezes and centrilobular emphysema showed signiﬁcant
correlation with pack/year index.
Table 5 shows Correlation Coefﬁcient between chest symp-
toms and radiological ﬁnding and lung function. Wheezes and
cough showed signiﬁcant negative correlation with FEF25–75%
and PEF, while dyspnea showed positive correlation with bul-
lae. Cough showed signiﬁcant correlation with radiological
ﬁnding mosaic perfusion and centrilobular emphysema.
Table 6 shows the Correlation Coefﬁcient between radio-
logical ﬁnding and lung function, which revealed that thereTable 1 pulmonary function measurement in studied groups accor
GroupI n= 10 GroupII n= 16 Gr
TV .65±.12 .84±.12 .83
ERV 1.25±.3 1.2±.3 1.1
FVC 3±.5 4.3±.3 4.4
FEV1 3.2±.8 3.7±.4 3.8
FEV1% 93 ± 4.8 89 ± 5.1 86
PEF 6.3±.8 6.9 ± 1.2 4.4
FEF25–75% 92 ± 5.5 90 ± 14 70
RV 1.9±.18 3.1±.6 3.4
TLC 4.6±.63 6.5±.7 6.2
RV/TLC 29 ± 1.1 48.5 ± 7.8 54.was a signiﬁcant correlation between tests of small airway
and radiological ﬁnding in chest X-ray and high resolution
computed tomography. This correlation was negative for
PEF and FEF25–75%, while positive for FVC and RV/TLC.
Table 7 demonstrates the Correlation Coefﬁcient between
chest X-ray and HRCT ﬁnding, which revealed that the
changes in the chest X-ray correlated strongly with high reso-
lution ﬁnding.
Discussion
The aim of this study was to investigate correlation of radio-
logical and functional alterations of lung in smokers. We tried
to search for pathological changes that occurred with smokers
through radiological studies while respiratory symptoms and
pulmonary function through functional studies. We showed
that there was radiological and functional affection even in
low risk smoker.
In our study, Pulmonary function test showed an obstruc-
tive pattern with highly signiﬁcant difference between the stud-
ied groups in total lung capacity, residual volume, residualding to smoking history (pack/year index).
oupIII n= 14 GroupVI n= 10 Test of signiﬁcance
±.12 .89±.10 <0.001
±.4 1.1±.3 >0.05
±.6 4.4±.4 >0.05
±.5 3.6±.6 <0.05
± 6.3 82 ± 7.1 <0.001
± 1.5 3.8 ± 1 <0.001
± 18.2 58.9 ± 10 <0.001
±.6 3.9±.9 <0.001
±.42 6.9±.8 <0.001
9 ± 7.8 56.7 ± 6.6 <0.001
Table 2 Radiological ﬁnding (X-ray, bullae, paraseptal emphysema, centrolobullar, emphysema, mosaic perfusion and air Trapping)
in studied groups according to pack/year index.
GroupII N= 16 GroupIII N= 14 GroupVI N= 10 Test of signiﬁcance
Hyperinﬂation
Present 6 (38%) 11(79%) 9 (90%) <0.001
Absent 10 (62%) 3 (21%) 1 (10%)
Bullae
Present 7 (44%) 8 (57%) 5 (50%) <0.01
Absent 9 (56%) 6 (43%) 5 (50%)
Paraseptal emphysema
Present 7 (44%) 11 (78%) 7 (70%) <0.001
Absent 9 (56%) 3 (22%) 3 (30%)
Centrilobular emphysema
Present 4 (25%) 6 (43%) 4 (40%) <0.05
Absent 12 (75%) 8 (57%) 6 (60%)
Mosaic perfusion
Present 3 (19%) 7 (50%) 5 (50%) <0.01
Absent 13 (81%) 7 (50%) 5 (50%)
Air trapping
Present 4 (25%) 10 (71%) 6 (60%) <0.001
Absent 12 (75%) 4 (29%) 4 (40%)
Table 3 Dyspnea, cough and wheezes in studied groups according to pack/year index.
GroupII N= 16 GroupIII N= 14 GroupVI N= 10 Test of signiﬁcance
Dyspnea
No 11 (69%) 7 (50%) 0 <0.001
At rest 1 (6%) 2 (14%) 8 (80%)
After activity 1 (6%) 4 (29%) 2 (20%)
Walk 3 (19%) 1 (7%) 0
Cough
No 12 (75%) 6 (43%) 4 (40%) <0.01
Morning cough 4 (25%) 8 (57%) 4(40%)
All over day 0 0 2 (20%)
Wheezes
No 12 (75%) 13 (93%) 4 (40%) <0.05
Morning cough 3 (19%) 1 (7%) 5 (50%)
All over day 1 (6%) 0 1 (10%)
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FEV1/FVC value decreased as cumulative smoking history
increases.
Zielinski et al. [5] reported 24.3% airway obstruction indi-
cated by PFTs in 11,000 smokers, especially in the elderly and
heavy smokers.
An increase in the number of cigarettes smoked of 10 per
day during each yearly interval was signiﬁcantly associated
with a steeper decline in the mean of 17.7 ml/year [6].
The FEV1/FVC showed a greater fall in heavy smokers and
moderate smokers compared with non smokers and light
smokers.
In smokers, the PEF and FEF25–75 were related negatively
to respiratory symptoms especially cough and wheezes while
FEV1% showed insigniﬁcant correlation with them.
This means that the smokers with airway obstruction and
did not have respiratory symptoms in the form of dyspnea,cough and wheezes these symptoms appears when the tests
of small airway affected which showed signiﬁcant negative cor-
relation with them.
The reason for the loss of symptoms in smoker remains
uncertain, but there may be some acquired resistance to the
irritating effect of cigarette smoke or individual susceptibil-
ity also plays an important role in determining the effect of
cigarette smoke. Individual may react to cigarette smoke
by evidence of irritation of airways in the form of symp-
toms as cough and wheezes and other no as cough is pres-
ent initially, and disappear with increased duration of
smoking.
This ﬁnding also points toward that resistance of respira-
tory symptoms in smokers direct attention toward some path-
ological changes that occurs in airway especially when there
was small airway affection which also explain presence of these
symptoms even after stopping smoking.
Table 4 Correlation Coefﬁcient between pack and year index
and lung function, radiological and clinical ﬁnding.
Pack/year index
R P
TV 0.45 <0.001
ERV 0.17 >0.05
FVC 0.500 <0.001
FEV 0.500 <0.001
FEV1% 0.47 <0.001
PEF 0.569 <0.001
FEF25–75 0.650 <0.001
RV 0.71 <0.001
TLC 0.56 <0.001
RV/TLC 0.71 <0.001
Hyperinﬂation 0.71 <0.001
Air trapping 0.50 <0.001
Bullae 0.33 <0.01
Paraseptal emphysema 0.51 <0.001
Centrilobular emphysema 0.32 <0.05
Mosaic perfusion 0.42 <0.001
Dyspnea 0.52 <0.001
Cough 0.487 <0.001
Wheezes 0.341 <0.01
Table 5 Correlation Coefﬁcient between chest symptoms and radio
Wheezes
R P
Airtrapping 0.05 >0.05
Mosaic perfusion 0.17 >0.05
Centrilobular emphysema 0.063 >0.05
Paraseptal emphysema 0.11 >0.05
Bullae 0.063 >0.05
X-ray 0.15 >0.05
RV/TLC 0.2 >0.05
FEF25–75% 0.36 <0.01
PEF 0.35 <0.01
FEV1% 0.41 >0.05
Table 6 Correlation Coefﬁcient between radiological ﬁnding and lu
TV ERV FVC
X ray R 0.3 0.06 0.
P <0.05 >0.05 <0.
Bullae R 0.2 0.2 0.
P >0.05 >0.05 <0.
Paraseptal Emphysema R 0.2 0.1 0.
P >0.05 >0.05 <0.
Centrlobular Emphysema R 0.07 0.02 0.
P >0.05 >0.05 <0.
Mosaic Perfusion R 0.02 0.25 0.
P >0.05 >0.05 >0.
Air trapping R 0.2 0.2 0.
P >0.05 >0.05 <0.
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ray and high resolution ﬁnding.
It is obviously known that CXR is the ﬁrst choice in order
to determine pathological changes in the lungs. CXR has a
sensitivity of 24–81% and speciﬁcity of 50–90% in detecting
air trapping [7].
Some recent reports have indicated that CT scans obtained
at full expiration show areas of emphysema and air trapping
with great clarity and therefore allow early detection of
obstructive lung function impairment [8–10].
Aydin et al. [11] found air trapping in expiratory thoracal
HRCT inspite of normal CXRs in all subjects conﬁrming the
low sensitivity of X-ray.
Remy-Jardin et al. [12] performed thorax HRCT on 98 cur-
rent smokers, 26 ex-smokers, and 51 non-smokers. They found
air trapping in 21% of current smokers and 8% of ex-smokers.
Their data support the concept that parenchymal abnormali-
ties can be detected in healthy smokers with normal ﬁndings
on chest radiography and PFTs.
Mastora et al. [13], Vikgren et al. [14], found that neither
diffuse nor focal air trapping is a sensitive indicator of small
airway disease in smokers.
They concluded that there was a signiﬁcant relationship be-
tween cigarette consumption and radiological manifestation in
the form of air trapping, mosaic perfusion, centrilobular and
paraseptal emphysema and hyperinﬂation and strongly
showed a negative correlation with small airway function test.logical ﬁnding and lung function.
Cough Dyspnea
R P R
0.18 >0.05 0.07
0.38 <0.01 0.26
0.5 <0.001 0.21
0.28 >0.05 0.22
0.21 >0.05 0.33
0.44 <0.001 0.28
0.45 <0.001 0.26
0.43 <0.001 0.30
0.31 <0.05 0.24
0.006 >0.05 0.28
ng function.
FEV1% PEF FEF25–75% RV/TLC
4 0.2 0.6 0.6 0.7
001 >0.05 <0.001 <0.001 <0.001
4 0.3 0.1 0.2 0.3
001 <0.05 >0.05 >0.05 >0.05
3 0.4 0.3 0.2 0.4
05 <0.01 <0.05 >0.05 <0.01
3 0.03 0.17 0.3 0.5
05 >0.05 >0.05 <0.05 <0.001
03 0.19 0.4 0.5 0.5
05 >0.05 <0.01 <0.001 <0.001
4 0.08 0.4 0.5 0.7
01 >0.05 <0.01 <0.001 <0.001
Table 7 Correlation Coefﬁcient between chest X-ray and HRCT ﬁnding.
Bullae Paraseptal emphysema Centrilobular emphysema Mosaic Perfusion Air Trapping
R P R P R P R P r
X-ray 0.3 <0.01 0.5 <0.001 0.4 <0.001 0.5 <0.001 0.6
258 H.M.S. Samaha, A.M. AliThis reﬂects that there was functional and pathological impair-
ment in the lung as cigarette consumption increase. One of the
limitation of this study to had a chance to follow these subject
for years and comment if these ﬁnding irreversible with stop-
ping smoking or progressing into COPD.
As a result, we conclude that there was a functional and
pathological impairment in the lung as cigarette consumption
increases and chest symptoms in smoker appear to be related
to small airway affection. So, further studies on larger popula-
tions of both smokers and ex-smokers are needed.
Conﬂict if interest
None.
References
[1] M.R. Jardin, J.L. Edme, C. Boulenguez, J. Remy, I. Mastora, A.
Sobaszek, Longitudinal Follow-up Study of Smoker’s Lung
with Thin-Section CT in Correlation with Pulmonary Function
Tests, Radiology 222 (1) (2002) 261–270.
[2] K. Soejima, K. Yamaguchi, E. Kohda, K. Takeshita, H.
Mastubara, T. Oguma, T. Inoue, Y. Okubo, K. Amakawa, H.
Tateno, T. Shiomi, Longitudinal follow-up study of smoking-
induced lung density changes by high resolution computed
tomography, Am. J. Respir. Crit. Care Med. 161 (2000) 1264–
1273.
[3] B.D. Patel, H.O. Coxson, S.G. Pillai, A.G. Agusti, P.M.
Calverley, C.F. Donner, B.J. Make, N.L. Muller, S.I.
Rennard, J. Vestbo, E.F. Wouters, M.P. Hiorns, Y. Nakano,
P.G. Camp, P.V. Nasute Fauerbach, N.J. Screaton, E.J.
Campbell, W.H. Anderson, P.D. Pare, R.D. Levy, S.L. Lake,
E.K. Silverman, D.A. Lomas, Airway wall thickening and
emphysema show independent familial aggregation in COPD,
Am. J. Respir. Crit. Care Med. 178 (2008) 500–505.
[4] National cancer Institute deﬁnition of pack year. American
Journal of Epidemiology 170 (2009):695.[5] J. Zielinski, M. Bednarek, Early detection of COPD in a high-
risk population using spirometric screening, Chest 119 (2001)
731–736.
[6] Watson L, Vonk JM, Lofdahl CG, Pride NB, Pauwels RA,
Laitinen LA, Schouten JP and Postma DS:(2005) Predictors of
lung function and its decline in mild to moderate COPD in
association with gender: Results from the Euroscop study.
[7] S.B. Reich, A. Weinselbaum, J. Yee, Correlation of radiological
measurements and pulmonary function tests in COPD, AJR 144
(1985) 695–699.
[8] J.W. Gurney, The pathophysiology of airway disease J Thoracic,
Imaging 624 (1991) 362–364.
[9] R.J. Knudson, J.R. Standen, W.T. Kaltenborn, D.E. Knudson,
K. Rehm, M.P. Habib, J.D. Newell, Expiratory computed
tomography for assessment of suspected pulmonary emphysema,
Chest 99 (1991) 1357–1366.
[10] M. Miniati, E. Filippi, F. Falashi, Radiologic evaluation of
emphysema in patient with chronic obstructive pulmonary
disease, Am. Respir. Crit.care Med. J. (1995) 1359–1367.
[11] O. Aydin, A.B. Dursun, B. Kurt, V. Aloglu, S. Alpar, Nazire
Uc¸ar, D. Sertkaya, Correlation of Functional and Radiological
Findings of Lung in Asymptomatic Smokers, Turk. Respir. J. 9
(2008) 15–19.
[12] M.J. Remy, J. Remy, C. Boulenguez, C. Boulenguez, A.
Sobaszek, J.L. Edme, D. Furon, Morphologic effects of
cigarette smoking on airways and pulmonary parenchyma in
healthy adult volunteers: CT evaluation and correlation with
pulmonary function tests, Radiology 186 (1993) 107–115.
[13] I. Mastora, M.J. Remy, A. Sobaszek, C. Boulenguez, J. Remy,
J.L. Edme, Thin-section CT ﬁnding in 250 volunteers:
assessment of the relationship of CT ﬁndings with smoking
history and pulmonary function test results, Radiology 218
(2001) 695–702.
[14] J. Vikgren, B. Bake, A. Ekberg-Jansson, S. Larsson, Tylen,
Value of air trapping in detection of small airways disease in
smokers, Acta Radiol. 44 (2003) 517–524.
